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Examinations with scanning electron microscopy (SEM) of the cell surface 
of the cleavage and blastula stages of the ascidian, Halocynthia roretzi have revealed 
that microvilli are present on the cell surface near the border between daughter 
cells, but absent near the border of non-daughter cells. Utilizing this character-
istic feature of the cell surface, the cleavage pattern of the ascidian egg could be 
observed with SEM from the 1-cell stage up to the early gastrula stage. The 
result fairly confirmed CoNKLIN's description (1905) on cleavage pattern of 
ascidian eggs. Gastrulation begins during the seventh cleavage, around the 110-
cell stage. 
On the basis of accurate observations of living ascidian eggs and embryos as 
well as fixed materials, CoNKLIN (1905) has described the organization and cell 
lineage of ascidian eggs. His report consists of more than 100 pages and includes 
several major contents which are fundamental to studies of ascidian 
embyrogenesis. One of the contents is the cell lineage of ascidian eggs and he has 
shown that the. separation of five recognizable kinds of egg cytoplasm into their 
respective cell lineage has been completed as early as the 64-cell stage. Another 
is the description of cleavage pattern and mode of morphogenesis of ascidian eggs. 
CoNKLIN's description (1905) of cell lineage of ascidian eggs has experimentally 
been confirmed by several authors (see REvERBERI, 1971 for a review; WHITTAKER, 
1973), although a few revisions have been added to it (ORTOLAN!, 1955). Recently 
MANcuso (1969) has examined Oiona eggs at the 32- and 64-cell stages, gastrula, 
neurula and early stage of tadpole by low power transmission electron microscopy 
(TEM): An unequal distribution of the cytoplasmic constituents such as yolk 
granules and mitochondria characterized different "plasms" that segregated into 
particular blastomeres at the 64-cell stage. Utilizing this character he could trace 
the cell lineage with TEM. However, there are few reports which are intended to 
re-examine CoNKLIN's description of cleavage pattern and mode of ascidian morph-
ogenesis (SATOH, 1978). 
Scanning electron microscopy (SEM) is a powerful method of accurately 
and efficiently representing the complex three-dimensional morphology of rapidly 
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growing embryonic systems (WATERMAN, 1972). During observations with SEM: 
on changes of the cell surface of the cleavage stage eggs of the ascidian, Halocynthia 
1·m·etzi, the following fact has been noticed (SATOH, unpublished) : Microvilli are 
present on the cell surface near a certain border of cells, while microvilli are absent 
on other borders of cells (Fig. 1). More attentive examinations of the cells of the 
known cleavage plane have revealed that microvilli are present on the cell surface 
near the border of daughter cells, but absent near the border of non-daughter cells. 
Utilizing this characteristic feature of the cell surface, it would be possible to identify 
whether neighbouring cells are daughter cells or not, and then to follow the cleav-
age pattern of the ascidian eggs. Thus, the present paper deals with the cleavage 
pattern of Halocynthia eggs as examined with SElVI. 
Fig. 1. (a) Scanning electron micrograph of the early gastrula viewed from the animal 
pole (ventral side) . All cells have divided eight times. x 250. (b) Higher magnifica-
tion of the cell surface showing that microvilli (m ) are present near t he border 
between daughter cells (arrows), but absent near the border between non-da ughter cells 
(asterisks) . X 1,000. This morphological characteristic of the cell surface was used to 
trace the cleavage pattern and cell lineage. 
MATERIALS AND METHODS 
Naturally spawned eggs of the ascidian, flalocynthia roretzi, were reared in 
filtered sea water at room temperature (15- l6°C). The eggs and embryos were fixed 
in 2.0% glutaraldehyde in 0.1 M cacodylate in sea water (pH 8.2), and rinsed in the 
buffered sea water. Mter removal of the chorion, the embryos were dehydrated 
through a graded series of ethanols. All specimens were dried by the critical point 
technique using C02 with amylacetate as the transition fluid, with a Hitachi HCP-1 
apparatus. The dried embryos were mounted on aluminium stubs, coated with a 
thin layer of gold utilizing a Giko IB- 3 ion coater, and examined with a Hitachi 
S- 310 SElVI. 
The cells were sketched on photographs and were systematically named in 
accordance with CoNKLIN's nomenclature (1905) as follows: The cells of the 
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right anterior half of egg area A, the left anterior A; the cells of t he right posterior 
half of egg are ;B, the cells of the left posterior B. From the 8-cell stage onward the 
cells of the endodermal (vegetal) hemisphere are designated by capital letters, those 
of the ectodermal (animal) hemisphere by lowercase letters. The first exponent 
indicates the cell generation, counting the unsegmented egg as the first; the second 
exponent the position of the cell relative to the animal and vegetal poles, cells which 
lie nearest the vegetal pole having the lowest exponent, those farthest away 
(nearest the animal pole) having the highest. 
RESULTS 
The surface of the egg was essentially smooth (Figs. 2, 3 and 4). The two or 
three polar bodies were present at a certain portion of the egg surface (Fig. 2). In 
the eggs and embryos of fl. roretzi, similar to those of other ascidians, the polar 
bodies existed near the animal pole and remained attached to the egg at the point 
of their formation, and they thus constituted an important landmark (Figs. 
5a, 6a, 7a, Sa, and 9a). In ascidian eggs the animal hemisphere becomes ventral 
side in later development, while the vegetal hemisphere dorsal side. 
l'he 1st and 2ncl cleavages. The 1st and 2nd cleavages were meridional, 
dividing the egg respectively into two or four cells, usually of equal size (Figs. 3 and 
4). In the fixed eggs at the 2- and 4-cell stages, the antero-posterior axis of the 
egg was indistinguishable. Therefore, the nomenclature of the cells at these stages 
was done arbitrarily (Figs. 3b and 4b). 
l'he 3rd cleavage. The 3rd cleavage was latitudinal and usually unequal. The 
four upper cells of the animal hemisphere (a4 •2, !:1;4 · 2 , bM, and )24 •2 ; Fig. 5) were 
smaller than the four lower cells of the vegetal hemisphere (A4.1, A4.1, B4 ·1, and ;64 ·1 ; 
Fig. 5). The four upper cells lay slightly anterior to the four lower cells (Fig. 5) . 
From the 8-cell stage onward, the antero-posterior axis as well as the dorso-ventral 
axis was obvious in the photographs. 
l'he 4th cleavage. The directions of cell division in the animal hemisphere 
were reversed as compared with those in the vegetal hemisphere (Fig. 6). In the 
animal hemisphere the two anterior cells divided along the antero-posterior axis 
(a5-3 and a5·4, and !:1:5 .3 and ~5·4 ; Fig. 6b) and the two posterior cells along a 
transverse plane (b5 ·3 and b5·4, and ~5• 3 and .Q5·4 ; Fig. 6b), whereas in the vegetal 
hemisphere the two anterior cells divided transversely (A 5·1 and A 5 ·2, and A 5·1 and 
A 5·2; Fig. 6d) and the two postrior cells along the antero-posterior a}.-is (B5 ·1 and 
B5-2, and ]25.1 and _!25-2; Fig. 6d). All 8 cells of the animal hemisphere were of nearly 
equal size, while those of the vegetal hemisphere were of different sizes (Figs. 6a 
and 6c). 
The 5th cleavage. The two anterior cells of the animal hemisphere divided 
along the antero-posterior axis (a6•5 and a6• 6, and !:~; 6 • 5 and ~6• 6 ; Fig. 7b) and the 
two other anterior cells transversely (a6•7 and 6 •8, and !:1; 6•7 and !1,6•8 ; Fig. 7b). The 




Fig. 2. Scanning electron m icrograph (a) and sketch (b ) of t he 1-cell stage egg viewed f rom 
the a nimal pole side. 1.5 hrs after ferti lization. pb, polar bodies. The surface of 
the egg is essen tially smooth. 
Fig. 3. The 2-cell stage. 2 hrs. tc, test cell. 
Fig. 4. The 4-cell stage. 2.5 hrs. See the text for t he nomenclature of t he cell. X 260. 
two posterior cells of the animal hemisphere divided transversely (b6•5 and bG-6, and 
Q6· 5 and Q6· 6 ; Fig. 7b) and the two other cells along the antero-posterior aris (b6·7 
and b 6•8, and Q6 •7 and :!!6 •8 ; Fig. 7b). All 16 cells of the animal hemisphere were 
of equal size. The four anterior cells of the vegetal hemisphere divided along the 
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F ig. 5. The 8-cell stage viewed from t he left side. 3.5 hrs after fertilization. pb, polar 
bodies. From this stage onward, the antero-posterior axis as well as the dorso-ventra l 
axis is distinguishable in t he fixed materials. A, an terior port ion of the egg; P , 
posterior; D , dorsal ; V, ventral. 
Fig. 6 . (a, b) The 16-cell stage viewed from the animal pole and the cell arrangement. (c, d) 
The 16-cell stage viewed from the vegetal pole. 4 hrs. From t his stage onward, the 
embryo is shown with anterior end up and the poste rior end down in all figures. X 260. 
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Fig. 7 {a, b) The 32-cell stage viewed from the animal pole. {c, d ) The 32-cell stage viewed 
from the vegetal pole. 4 hrs 40 min after fertilization. X 260. 
antero-posterior axis (A 6.1 and A 6·2, A 6.1 and A 6.2, A 6·3 and A 6·4, and A 6.3 and 
A 6·4 ; Fig. 7d), whereas the fom posterior cells divided transversely (B6·1 and B6·2, 
,126 ·1 and ,126·2, B6·3 and B6·4, and ,126·3 and ,126·4; Fig. 7d). The two cells (B6·3 and 
,126-3) at the posterior end of the vegetal hemisphere were smaller than the others 
(Fig. 7c). 
The 6th cleavage. In the animal hemisphere, four anterior cells and four 
posterior cells divided along the antero-posterior axis (from here onward, the 
description of the cells of the right half of the egg ·was omitted; a7·11 and a7·12, a7-13 
and a7 ·14, b7•9 and b7 ·10, and b7·11 and b7·12 ; Fig. 8b), while four anterior cells and fom 
posterior cells divided transversely (a7•9 and a7·10, a7·15 and a7.16, b7.13 and b7·14, and 
b7·15 and b7 •16 ; Fig. 8b) In the vegetal hemisphere, eight cells a.long the median line 
of the embryo divided along the antero-posteriOT axis (A7·1 and A7·2, A7 ·3 and AM, 
B7·1 and B7· 2, and B7·5 and B7 ·6; Fig. 8d), while eight cells at the periphery of the 
embryo divided transversely (A7•5 and A7• 6, A7•7 and A7•8, B7·3 and BM, and B7-7 
and B7•8 ; Fig. 8d). 
The 7th cleavage and initiation of gastrulation. Fig. 9a shows that all cells of the 
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Fig. 8. {a, b) The 64-ce ll stage viewed from the animal pole . (c, d ) The same stage viewed 
from the vegetal pole. 5.5 hrs after fertilization. X 260. 
animal hemisphere divided seven t imes. In the animal hemisphere most of the 
cells which had divided transversely at the previous (the 6th) cleavage, divided 
along the antero-posterior axis, and vice ve1·sa. All 64 cells of the animal hemisphere 
were of nearly equal size. Fig. 9c indicates that eight anterior cells of the 
vegetal hemisphere divided seven times (A8 •5 and A8·6, A8·7 and A8·8, AS·13 and AS·14, 
and N·I5 and AB·16; Fig. 9d), but the other eight anterior cells were still at the 7th 
generation (A7·I, A7·2, A?· 5, and A7•6; Fig. 9d). Six posterior cells of the vegetal 
hemisphere finished the 7th cleavage (B8 ·5 and B8·6, B8·7 and Bs.s, and BS·15 and BS-16 ; 
Fig. 9d), but ten posterior cells were still at the 7th generation (B7·I, B7·2, B7•5, B7•6, 
and B7·7 ; Fig. 9d) Therefore, the embryo of Fig. 9c consisted of 110 cells. In this 
embryo gastrulation just began. In ascidian embryos gastrulation progresses as 
the layer of the cells of the animal hemisphere enfolds the layer of the cells of the 
vegetal hemisphere (CoNKLIN, 1905 ; SATOH, 1978). Gastrulation advanced in the 
embryo shown in Fig. 9e. As comparing Fig. 9f with Fig. 9d , two anterior cells 
{A8·11 and A8·12) and four posterior cells of the vegetal hemisphere (B9·13 and B9 ·14, 
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Fig. 9, (a , b) The initial gastrula st age viewed from t he anima.] pole. All cells of the animal 
hemisphere have divided seven t imes. 7 hrs after fert ilizat ion. (c, d) The init ia l 
gastrula sta.ge viewed from t he vegetal pole. Some of t he cells have divided seven 
t imes, but other cells a re still at seventh generation. Gastrulat ion begins around the 
110-cell stage . (e, f ) The early gastrula stage viewed f rom the vegeta.I pole. 7.5 brs. The 
layer of the cells of t he animal hemisphere begins to fold t he layer of the cells of the 
,regetal hemisphere. Some cells have di vided eight t imes. X 260. 
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and B9 ·15 and B9·16) divided further (then, the 116-cell stage) . Therefore, it can 
be concluded that gastrulation begins around the 110-cell stage in Halocynthia 
embryos. 
DISCUSSION 
The present examination with SEl\'1: of the cleavage pattern and cell lineage of 
the egg of the ascidian, 1!. 1·oretzi, has fairly confirmed CoNKLIN's excellent descrip-
tion (1905). Numbers of the constituent cells and the cell arrangement of the 
embryo at each stage of development up to the early gastrula stage, observed in 
the present study, are in good agreement ·with his result (CoNKLIN, 1905). The 
present study has also confirmed the fact that ascidian gastrulation begins during 
the seventh cleavage (CONKLIN, 1905; BERRILL, 1955). As shown in Fig. 9, 
gastrulation of H . 1·oretzi begins around the 110-cell stage. This number is quite 
small, compared with that of an early gastrula of other animals; the early gastrula 
of sea urchins consists of about 800 cells (HINEGARDNER, 1967), and the number of 
cells constituting an early gastrula of amphibians is about 13,000 (HARA, 1977). 
This situation is advantageous for studying the causal relationship between t he 
cleavage t imes and the time of initiation of gastrulation. The present study 
offered a basic remark for the following investigations with such an aim. 
Observations with SE:M: of the cellular morphology and a-rchitecture during 
gastrulation and neurulation of Halocynthia embryos have been reported elsewhere 
(SATOH, 1978). 
The aut hor wishes to express his gratitude to Dr. T. NUliiAKUNAI of Asamushi Marine 
Biological of Tohoku University for supplying the materials and to Prof. K. OsANAI for 
his criticism on the manuscript. Thanks are also due to all staff members of Asamushi 
:Marine Biological Station for affording him opportunities to utilize their facilities. All 
observation with SElVI h ave been carried out at Tamano 11arine Laboratory of Okayama 
University. He t hanks P rof. l\f. YOSIIIDA and Assoc. Prof. }f. Y.ui.Al\IOTO of Tomano 
Marine Laboratory for providing faci lities for this work. 
This study was supported in part by a Grant-in-Aid from the Ministry of Education 
of Japan (No. 374232). 
REFERENCES 
BERRILL, N.J. 1955 "The Origin of Vertebrates". Oxford Univ. Press, London. 
CoNKLIN, E. G. 1905 The organization and cell-lineage of the ascidian egg. J. Acad. 
Nat!. Sci. , 13 : 1-119. 
H ARA, K . 1977 The cleavage pattern of the axolotl egg studied by cinematography and 
cell count ing. Roux's Arch., 181 : 73-87. 
HINEGARDNER, R . T. 1967 Echinoderms, In "Methods in Developmental Biology" (F .H. 
WILT & N.K. WESSELLS, eds), Thomas Y. Crowell Comp., New York. 
l\IANCuso, V. 1969 L'uovo di Oiona intestinalis (Ascidia) osservato al microscopio 
electronico. I. II cell-lineage. Acta Embryo!. Exp., 231-255. 
ORTOLANI, G. 1955 The presumptive territory of the mesoderm in the ascidian germ. 
Experient ia, 11 : 445-446. 
178 N. SATOH 
REVERBERI, G. 1971 Asoidians. In "Experimental Embryology of Marine and Fresh-
water Invertebrates" (G. REVERBERI, ed) North-Holland Publ. Co., Amsterdam. 
SATOH, N. 1978 Cellular morphology and architecture during early morphogenesis of the 
ascidian egg: An SEM study. Bioi. Bull., 155: 608-614. 
WATERlUAN, R. E. 1972 Use of the scanning electron microscope for observation of 
vertebrate embryos. Develop. Bioi. 27: 276-281. 
WHITTAKER, J. R. 1973 Segregation during ascidian embryogenesis of egg cytoplasmic 
information for tissue-specific enzyme development. Proc. Natl. Acad. Sci. USA, 
70: 2096-2100. 
